The polar carotenoid fraction from SarcinaJIava does not not appear to be a free carotenoid, but a carotenoid associated with glucose and a peptide. The glucose seems to be glycosidically bound to the carotenoid through its reducing group. Presumably the peptide is linked to the glucose through either the primary or one of the secondary hydroxyl groups on the carbohydrate molecule. A model of the in vivo state of the carotenoid complex in the bacterial membrane has been proposed.
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for 24 hr. The fraction was dissolved in I ml. pyridine, 0.1 to 0-2 ml. acetic anhydride added and the reaction allowed to proceed at room temperature in the dark under an atmosphere of nitrogen. Samples were withdrawn every 30 min. for the first 5 hr. and then at regular intervals up to 36 hr, by which time the reaction was complete. Each sample was examined by thin-layer chromatography with 20 yo (v/v) acetone in light petroleum (b.p. 60 to 80") as solvent. The intermediates were identified visually and after spraying with a saturated solution of antimony trichloride in chloroform (Morton, 1942) . Thus the initial compound, the formation of intermediates and the formation of the final ester could be monitored. Spectroscopic examination was used before and after the reaction to test that no degradation had occurred.
Test for tertiary hydroxyl groups after acetylation. ( S . L. Jensen, private communication). The esters from above were dried and dissolved in 0.5 ml. dry pyridine, 0.2 ml. hexamethyldisilane and 0.1 ml. trimethylchlorosilane were added and the reaction allowed to proceed at room temperature in the dark and under an atmosphere of nitrogen. After I hr, carbon tetrachloride was added and the solutions taken to dryness. The products in methanol were examined by thin-layer chromatography as before.
Methylation of carboxyl group. (Metcalfe & Schmitz, 1961) . A sample of the subfractions was dried as for acetylation and dissolved in dry methanol, 0.5 ml. methanolic boron trifluoride added and the mixtures refluxed for 3 min. The products were removed into ether and examined chromatographically.
Partition ratio. (Petracek & Zechmeister, 1956 ). 95 yo (v/v) methanol in water and hexane were equilibrated with each other and the samples dissolved in a small volume of equilibrated methanol. An equal volume of equilibrated hexane was added, and after shaking the two layers were collected. The concentration of pigment in each layer was determined spectrophotometrically.
Spectroscopy. The absorption spectra of the subfractions and their acetates in methanol were determined with a Unicam SP 800 spectrophotometer.
Znfra-red spectroscopy. This was done with a Unicam SP 200 G instrument with liquid cells containing solutions in carbon tetrachloride and in carbon disulphide (spec t ro-quali t y reagents) .
Carbohydrate estimation. The sensitive but general phenol -sulphuric acid method of Whistler & Wolfrom (1962) was used with solutions of glucose (25 to ~oopg./ml.) as standard.
Zdentijication of carbohydrate. Salton & Freer (1965) reported that the carbohydrates present in the membranes of the related micro-organisms Sarcina lutea and Micrococcus Zysodeikticus were glucose, galactose, mannose and ribose. These sugars were used as standards throughout this part of the work. The subfractions were hydrolysed with N-HCl in a sealed tube for 18 hr at 1 2 0 O after which the hydrolysates were made acid-free in the normal way. Chromatography was done in a single dimension on Whatman No. I chromatography papers with the following descending solvents: (i) n-butanol + pyridine + water (6 + 4 + 3; by vol.); (ii) n-butanol + acetic acid + water (6 + I + 2 ; by vol.); (iii) n-butanol + acetone + water (4 + 5 + I ; by vol.) The standard carbohydrates were run alone and as a mixture, and the hydrolysates were run alone and co-chromatographed with each standard. Since carotenoid in the membranes of Sarcinajlava had been shown in some cases to be associated with both carbohydrate and peptide , in all instances, Sarcina polar carotenoid fraction 295 duplicate chromatograms were developed, one of which was stained with 0-1 Manisidine phthalate in ethanol (Pridham, 1956 ) and the other with 2 yo (w/v) ninhydrin in acetone. The former chromatograms were viewed in daylight and under ultraviolet illumination.
Separation of the carbohydrate andpeptide by two-dimensional paper chromatography. An attempt was made to separate any free sugar from peptides (or glycopeptides) in the N-HCl hydrolysates on Whatman No I chromatography papers with n-butanol + acetic acid + water (6 + I + 2; by vol.) as first solvent and phenol (400 g. phenol/ IOO ml. water) + water as the second. In each instance, duplicate chromatograms were developed, after removal of the phenol with ether, one was stained with ninhydrin and the other with the anisidine phthalate reagent.
Peptide resolution. Since ninhydrin-positive spots were detected on the above chromatograms and since hydrolysis with N-HCl would be more likely to produce small peptides rather than free amino acids, the hydrolysates were resolved by twodimensional thin-layer chromatography on 0.25 mm. layers of silica gel G (Merck) with n-butanol + acetic acid + water (6 + 2 + 2: by vol.) as first solvent and npropanol + water (64 + 36, v/v) as second solvent (Randerath, 1964) . The plates were stained with ninhydrin.
Amino acid analysis. A sample of each subfraction was taken to dryness and freezedried for 24 hr in a weighed vessel. The weights were determined and the fractions hydrolysed with ~N-HCI in a sealed tube for 18 hr at 120'. The hydrolysates were made acid-free, and then in distilled water they were applied to a Technicon autoanalyser, with norleucine as internal standard.
Estimation of carotenoid. This was estimated spectrophotometrically using a theoretical extinction coefficient of 3000 based on the similarity of the chromophore to that of neurosporene or €-carotene. Such an estimation assumes that the absorption characteristics of the free and bound carotenoid are similar.
RESULTS
The results for part of the chemical analysis of the subfractions are shown in Table  I . For the tests shown in the table, the results from the two subfractions were identical.
Chromatography
Identijication of carbohydrate. The N-HCl hydrolysates were resolved into four spots which stained with anisidine phthalate reagent. That with the highest Rp value co-chromatographed with glucose, the others did not co-chromatograph with any standard used. However, duplicate chromatograms stained with ninhydrin showed eight spots, four of which had the same Rp values as the carbohydrate spots when the chromatograms were run in a single dimension.
Separation of carbohydrate from peptide (glycopeptide). Two-dimensional paper chromatography showed that the carbohydrate spot which co-chromatographed with glucose was a free sugar. The other spots which stained with anisidine phthalate were associated with peptide. Ninhydrin-staining material was also detected which did not appear to be associated with sugar.
Resolution of peptides. Two-dimensional thin-layer chromatography showed that the peptides present in the two hydrolysates were not identical. Calculation of Rp Since the hydrolysates in each case did stain, and since the presence of glycopeptides was demonstrated in them, we suggest that the carotenoid is linked glycosidically to the reducing group of glucose. One would expect such a linkage to be split on hydrolysis as reported.
Sarcina polar carotenoid fraction 297
Amino acid analysis The amino acid composition of the two subfractions is shown in Table 2 
DISCUSSION
Both subfractions examined contain carotenoid, glucose and amino acids. The carotenoid is presumed to be the C5,, dihydroxy compound (the most polar free carotenoid) isolated by Thirkell et al. (1967) which has become bound to form an integral part of the membrane structure where all of the carotenoid is localized in Sarcinaflava (Strang, 1968) . The carotenoid seems to be bound to glucose through a glycosidic linkage involving the reducing group of the hexose. The amino acids (peptides) associated with the subfractions must be linked to the hexose in some way involving at least one of the remaining primary or secondary hydroxyl groups of the glucose. If If the results presented here are considered in relation to the model, the following observations can be made. (I) The hydroxyl groups acetylated are probably unsubstituted primary or secondary hydroxyls on the glucose molecules. Thus, according to the model, six hydroxyl groups should be available for acetylation and this was demonstrated; (2) the results from amino acid analysis show an amino acid content which in relation to glucose suggests very few amino acid residues attached to each glucose molecule. However, during the isolation and purification of these fractions, saponification was used. In the study of glycoprotein structures, p-elimination is frequently used to verify the existence of 0-glycosyl linkages with serine or threonine (Neuberger, Gottschalk & Marshall, 1966) . Although stronger alkali is used for fl-elimination, the conditions used in saponification could well result in the complete loss of amino acids (peptides) from certain glucose molecules if this type of linkage was present. The amino acids with the exception of ornithine (some or all of which may be derived from arginine during saponification) are present in a definite molar ratio, suggestive of a repeating unit of peptide in the protein layer of the membrane.
The component amino acids are the same 14 as those found in carotenoid-glycoprotein isolated by using synthetic detergents (Thirkell & Hunter, I 969) . Their relative concentrations differ, suggesting that the lengths of the peptides are not the same. One would expect a longer peptide to be more soluble in an aqueous detergent solvent than in the system used in this work. If there is a repeating unit in the protein layer of the membrane, and if the distance between the carotenoid molecules is less than the length of this repeating unit, then the latter must be fragmented during the isolation of the subfractions. This would release glycocarotenoid to which only part of the unit is bound. Thus, only when a mixture of these fragments is studied should a repeating unit be apparent and be shown by a definite molar ratio of the amino acids present. Such a situation is reported in this work.
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